We have modified several aspects of the single strand conformational polymorphism (SSCP) method to increase the speed with which the technique can be used for mutation detection. The methods attain high resolution of small mobility differences using long (30 cm) gels and use a modified polymerase reaction to maximise detection sensitivity using a minimised quantity of 32P. By using custom cut "sharktooth" combs (4.5 mm between
teeth) as the slot formers, commercially available multichannel pipettes (9 mm tip to tip) can be used to load eight or 12 samples at a time from standard microtitre plates. PCR products that have been prepared and radiolabelled using simplified protocols are loaded on to the gel, and after a precalculated time of electrophoresis another set of samples can be loaded, either with combs moved across 2'25 mm or onto the same gel tracks. The run conditions are calculated so that there is no overlap between the bands produced by the two loadings, thus doubling the amount of information that can be gained from one gel. A computer program has been developed to solve equations to determine suitable timings for repetitive loadings. Finally, a modification of the gel pouring system is described so that two gels can be poured between three standard glass plates, with both gels run simultaneously. Of the order of 1000 PCR reactions can be prepared and analysed in 24 man hours using five 40 cm x 30 cm gel tanks. The application of these techniques is described to detect SSCPs in exon 3 of the low density lipoprotein receptor (LDLR) gene in 791 patients with familial hypercholesterolaemia (FH). Eight different SSCP patterns were seen, one of which was caused by the previously described E80K mutation, which was present in 11 patients (1.4%). In total, 32 patients (4%) were identified with exon 3 mutations.
(J Med Genet 1995;32:509-515) Familial hypercholesterolaemia (FH) is a common inherited disease showing an autosomal dominant pattern of inheritance.' It is characterised clinically by a raised concentration of low density lipoprotein (LDL) cholesterol in blood, tendon xanthomata, and an increased risk of myocardial infarction. Based on the estimated population frequency of carriers of 1/500, there are more than 110000 FH heterozygotes in the UK, of whom an estimated maximum of 80% and probably fewer than 30 to 50% are even known to have hypercholesterolaemia: fewer than 0-1% have been confirmed at the genetic level to carry a gene for familial hypercholesterolaemia. The hyperlipidaemia and arterial lesions of these patients are responsive to treatment by diet and drugs,23 and such treatment is likely to reduce subsequent morbidity and mortality. Although management is based on the phenotype, counselling and future genetic tracing programmes will be helped by knowledge of the genotype so that definitive genetic tests can be offered. Genetic characterisation would thus be helpful both for research and in the longer term as a diagnostic tool.
FH commonly results from a genetic defect in the low density lipoprotein (LDL) receptor which controls the uptake of plasma LDL,l and worldwide more than 140 different mutations of the LDLR gene have been characterised at the DNA level.4 Within a geographically or culturally isolated population, or where a large proportion of people are related by descent because of migration, there may be a single mutation causing FH in many of the patients.5-7 In the UK, where there is a very heterogeneous population, it is unlikely that any mutations will be present at a high frequency in FH patients. The complete polymerase mix including oligonucleotides (0 8 pmol/PCR), Taq polymerase (02 U/PCR), deoxynucleotides (0-2 mmol/l dATP etc, 0-02 mmol/l dCTP), buffer (10 mmol/l Tris pH 8-5, 50 mmol/l KCl, 0-0015 w/v gelatin), wl (0-05% w/v), and radioisotope (0 03 jCi[c-32P]dCTP/PCR) was premixed for distribution into wells of plates containing dried DNA templates. SScP PCR product (2 p1l) was added to 12 jtl of a 7:5 ratio mix of formamide dye mix (95% formamide, 10 mmol/l EDTA, 0-025% bromophenol blue, 0-025% xylene cyanol FF) and a solution of 0 1% (w/v) sodium dodecyl sulphate (SDS) containing 10mmol/l EDTA. The PCR DNA was denatured at 95°C for five minutes and chilled immediately on wet ice; 7.5 5tl samples were loaded on to a 7-5% polyacrylamide non-denaturing gel (ratio of acrylamide to bisacrylamide of 49: 1) in 1 x TBE buffer with 5% glycerol, 10 mmol/l EDTA. Gels were 40 cm x 30 cm x 0 4 mm. Electro-phoresis was conducted at a constant voltage of 200 V overnight at room temperature (usually 21-25°C) until the xylene cyanole had migrated 20 cm. The gels were then transferred to Whatman 3 mm chromatographic paper, dried, and exposed to Hyperfilm MP (Amersham, UK) for one to four days at -70°C with one intensifying screen before film development.
SSCP SETUP Double gels Two gels are poured between one large glass sequencing plate (33 x 42 cm) and two smaller plates (33 x 39 cm), so that two gels can be subjected to electrophoresis simultaneously on one apparatus. Three plates are defined: "lowest", which is the large plate and the outermost one when the arrangement is clamped to the vertical electrophoresis apparatus, "middle", and "uppermost". The terms refer to the plates as arranged horizontally on a levelling table for gel pouring. Before gel pouring, the four glass faces which will contact gel are silanised with Repelcote (BDH product number 63216 4J, BDH, Poole, UK), 2 ml spread evenly with the edge of another glass plate. The plates are arranged with their sides aligned, with a pair of 0-4 mm x 10 mm x 400 mm spacers supporting the sides of both the middle and uppermost glass plates. The edge of the middle plate which will contact the bottom gel tank is arranged to be recessed 5 mm relative to the other plates. This leaves a 5 mm "platform" at the top, which better facilitates the insertion ofthe comb for the upper gel. The three plates are clamped at the sides with bulldog clips. The bottom gel (on the large plate) is poured first (by injection between the plates using a large syringe, with firm tapping to avoid the formation of bubbles during pouring), the comb inserted, and the gel left to set for 30 to 60 minutes. The second gel is then prepared identically. The gels can be stored for several days with TBE saturated tissues and clingfilm covering the ends. Care must be taken when clamping the gels to the apparatus to ensure that no air bubbles are trapped in the recess between the outermost and innermost plates in the bottom tank. Double loading gels After first loading the gel, the samples were electrophoresed at 400 V until the bromophenol blue had run 2-5 to 3 cm, at which point the electrophoresis was stopped and a second set of SSSP samples was loaded in the same way as the first samples. Before loading the second time, the sharktooth comb was removed and repositioned half a well across from its original position. This enables the first and second loading bands to be distinguished more easily.
The first and second loading single and double strands need to be non-overlapping if the gel is to be informative. The calculation of the timing of the second loading is possible if the relative mobilities of the two single strands, one double strand, and marker dyes are already known for the set of conditions to be used. CpG, in the remainder it is TpG, probably a silent transition from an original leCpG site. The CpG site in repeat 2 represents the E80K site in exon 3 described here, where E80stop has also been described, the CpG site in repeat 3 is involved in mutations Ell9stop and E119K4 and the site in repeat 5 represents the hotspot in exon 4 where five different mutations (D206E, E207K, E207Q, E207stop, and frameshift 206, 2nt deletion) have been described previously. 
